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(57) mm 

mm] t7 7^7l«^Ut)GaNlM 

•9, sun, xt«o*fc*ras*£r3<0&ft.iku 

^^y/^T^5i*l^ SHO(g©GaNSfi 
[tffc^S] ft 1 ©Hlfi±ICG a Nl« 2 
^±<7>G a NS^S 2 Lf& 1 ©«I|»J Lit 




[»#JS2] ^t^*#:irS*S*tJ|s|-J: i 9*smi 10 
^SSK±i-G a N£j&S£it-CG a Nli^iU 
|ll(7)MM»GaN£^!b|5&£U tOGaNl 

^mw-twMmt mm&^-rzm 2 ©is 

3«fc5K, i^^^LTWj^Ga NS^OffitCfg 20 

OlIlfiitfltG a N&J&gS-BrTG a NgfeSr 
ffM U m 1 1K'80m mKi 

OGaNifiiftU f OG a NltO-^Offiiti 

im*m#m*mm *mm tfc r t zwm t -r z> mm 

[ft*JS5] GaNS«|:flO±i^2W±I?; 
*TU G a NSSOl 1 i 30 

tlX ft*) * GaNSM2©±I(: % ^{fc 
i^tMSej; 9 ft 19 || 2 (DM 

1 ©UliltG a NSfi«^H, ^1 
OMSSSir^-rSS^ttS^OG a NS«©I 1 <D3= 

tGaNOjj|2c9±E£Sfffi£-tf\ ^©iiCGaNli 

5 

Hfc5S5 1 *>&M«±fcG a NSSM^fcft, 
G a N&K*»P>fS 1 ©itS«^i*lTG a NSilC 
^l©±I^l2©ii?rML, GaNllOflO 
^ffifcSWMfKfifcJBfiS Lfcft, G a N1I©B 2 ©±i 



1 1-214798 

2 

Jg 5 ~ 7 (D^-f tL3i> 1 ^l^fSic©M#J^^^ 0 
[fll*JS9] i[ft* 2 l £ #*i:li*5*mJ:!J*S*l 
©Iffilffi±I^G a N£/&ft£-t!:TG a NlI^M 
U £l©Mffi&E&Gfe*-r5r£-C8O/xmja±0>G 
aNiS^U t©GaNl«©-M±ICltt 

i o ] mxm 9 icfc^-c, $ i <omn&m& 

5 r £#® t-f 9 fcfE«©3Sfl:feiN*ft* 

f„ 

[0 0 0 1] 

V&to&ftfsUXfc&MZtlZmmttft (In, 
AlvGai-x-v N, 0^X, O^Y, X+Y^ 1 ) J: Oft 5 

[0 0 0 2] 

i£¥, Sfc*¥*tt*»e>fc5*£, wit 

k, u— ^¥4*- b-ifimmtztiit 

$ tLT v ^i^fcft^ v § -y- 

7 T<D±\cmm¥mftmz&fflW)\zf$.%£i£xB 

[0 0 0 3] *36^#^{i, ^J^^MI-fS^T^ 
5i«^©^«Mttt, $flto¥i*ft4: 

i^^IMilCGaNlSML, ^GaNl 
S±t*^«Jt*JKrii-*-5ritJ:D, $M4 0 0 n 

itm^mw-^— fm+tek'&m^Lx^z (mz-t£ ri 

n G a Ni^ltf #FMf i^W-f©^j , £ 

5 8 ®j&m®m¥g¥mmmg, assist a z c- 

2, 1 9 9 7^10^ " Presennt Stat 
us of InGaN/AlGaN based L 
aser Diodes", The Second I 
international Conference o 
n Nitride Semiconductors 
(IONS' 97) , S - 1 , 1 9 9 7^10 

8te¥\zmmztix\,^z>) o 

[0 0 0 4] ±fa^^f H ^S*-fef4, t7 7 ^7lg± 
lH, ^CgMmi^V^GaNi^K^^ 

U *©«KIRoJhA»b^7-f (hvp 

e) , ^rn^m^i«ffi (movpe) ^omti^s 



(3) 

3 

NS^^ft^it^r t tC <fc U^fi^H&ro^/it^G aNl 

« (ifio^m) sr^-raswr-feSo 

b» — Hxi'l 7 7 7/^- /<>—<!/ u (lateral over g 

rowth:LOG) tmtfrX^Z. 

[0005] ±mm\^^x, m&KMfr'ptK &o 

fcG a NSSSrfflt^S r h £ 5 ^OffifgO^±7)^ 
[0 0 0 6] Sfc, n^fei: pfllSt^TK^lRl^A/ 

&aumz.m </£*>f- y^tmm lm^k mmmm 
&m&RTmimte k*<D±.mm&*ftmx% s©-cf± 

[0 0 0 7] 

7St^iit5 t , G a Nffi©il«Sll^f/^ 

7 vfjRXfXttb L^-r< #:ba»o 
n^<, 9^^im^nt>M?-v7°(D*mft>Pte< 30 

[0008] ■fr7r^raMR*fc«ttxi*fls3 fe Bj 

KH&arSiXfcG a NiSffiiiftMWt^Ga Nl 

«iri^*>5. sfcit, g a NS^i^f Mz.mm>&ft 

fcSUikj&^fr&l", ^-T57J^J;oT, seesaw 
[0009] :©±5 4WI4, #7^-f*ifI£L 

[0 0 10] ^rT\ «0J<Dg#J{i, r>3^<D#Ul#J 
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im*mfcmi-zmm-rz>^bx*hz>, 

[0011] 

[8ss*ft?*i-5fc*©#s] ip*>, #?§em4Tie«$ 

(1) ifti»iS/j:5TOJ: ►) i5i l ©II 

SSiKG a NSr*fi^rG a Nj&RiiL, ^OG 

i^GaNiSi©!!:, 3Sft*¥**tJI45tt»J:!J 
4!)Mft5l2©IiI|^Lt 1 Wig 

(2) itt^tMSW^/^Il©!! 
SWCGaN^I^ttGaNii^iL, Jg 1 © 
HaSSSrG a NSid^^iL, t©G a NlS«- 

(3) fufSf> 2 ©J|«Sj£^ GaNl«©TO 

t $ 2 <DHg£&©M75|S] t #5HKWfc-arr 5 «fc 5 

x^z^tzftmb-tzmm en xj4 (2) ^ib«© 

(4) ^{k^i»fti;SftSW^«t*)ft5mi©^S 
S^±t-J¥HI(CG aN^I^TG a N2&KSrJtMJt 
U ^ 1 ©lilft^^itS 1 1 T 8 0 /i m&±©G 
aN&E£ftU ^©GaNlf©-^Oifi±|;itt 

(5) GaNlW^10±Itl2ro±KtU 
G a Nisro^ 1 ©^aiili^k*^***^^^ 
j&£tva&9, G ai NlS©l2©±ffi|:, 

(e) huie^2<d^ss«{4, mm^mfrtmftz 

H©MtoGaN£i«^, ^l©If 
SSi:g!l-5®t f4RW©G a NSi©$ 1 

Lfc«Ii:, !IU<Z>M£tii&&9l&*Ga 
Ntf)f|2£>±ig£Sffl£it\ ^©iluGaN!M2 
©£ffite:^£ixTjS3r£*4e»fci-3B&E (5) 

(7) jftiSfB 2 14, 3tffcift¥igflsi:ftfc5 

$ 1 OiiSjglCG a NSfi^M Stfc«, G a N 

mm*b$& i <Dgmmm&m$; ltg a nsisi-^ i © 

±I^2©±ieML, GaNl«©Il©±BI; 



5 

tsnxf&zztzftmt-rzmm (5) ^tmnrnm 

(s) GaNmmtm2(DmmmmtiiK^^m^ 
faimmmz-%cLx^z^k*w&ki-mm (5) 
~ (7) <d^-t tit* 1 mzim<»mm¥mtim* 0 

S«±t-GaN£/&g£liTGaNgte£ffMU ^1 
©lili^iS f 6 ^ K' 8 0 m m£(±»G a Nl« 

do) ffifa o) tio^r, m ©masis^:? 
* Lxmta ^tit-fat itfrttM(Dmmi$£tix\,^ r 

[0012] G a NS^Of* 1 60^ 

r <D «t 7 (-G a NSIlCl 2 ©Illl^g^tS ^ £ 
Id J; 9, G a Ng»x/M*I*g(c»;t#3Mft3£ 

[00 13]Il:«fllt GaN&f<Slimi 30 
1 (Dmmmm*WL>9f&$ 8 0 /zmJ^±©G a NSKit 
G a NSffi*flETt+^*teaW3fiSS: 

L.fc«, G a Ng^OfS 1 tDSM^Srl^* 

Lxmmzfttz&k\zKiti<Dmzm*ffi&*ftj&ir%z 
t\z£L &&&<D&^m?-mmtfxz?> a c a 

Ng^Olp^li, ^Sr}ffc*5fcfe^8 0 M mW±^ 

[0014] %2<nmmmmmffl&x 

fe^l^^, S?2<0|MIgl£^l-GaNglg£§f|l 40 
-fSi:, G a Ng^t^gfttJtL^^-f , §fH®£ 

14, 1 2 WlIl«O^PI*^l i G a N1«(D^PI*|S] 

trnKM^-zkLx^z tmz&Rktez, mmm>& 
g a N£^srffl^sm-^f4v mm-rzmvG a nis» 

So 

[0015] H^M^te, M 1 (DUSi 50 
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Z<Dm(Dl&mi, im#i££^LTV^^GaNgm<D 

\mtfZ>&mt)V£<tlZ> 0 IIJ¥^ 8 0 /i m^±(D 

G a NS«©tJ^(l, GaNl {fc/5^fc^tt^iti&ftt& 
<, G aN<DWkW-&8 0 umSl±.kW-<XhV£M<Di><D 
\Zi£s<WLm&&&1ftXhZ) 0 8 0 u mU±.(Dm^(DG a 
NStR©lRJ?©±IStt&f?Mt* k*<D&t*b 5 0 0 m 

[0 0 16] £fc«icfc^Tf4, ^yy-(y&mm 

m&X'h 5 fc * w ssi- n ms&tf 

± 0 -tnzML. %2(ommmmK mm>& 

zGi-zkmzmmftvmxhzk. %2<ommmm 
si- n mmzMjfc-rz r <t , y xim $ 

<t^r ^-gjfg^^ lftcD^^ib^f^^y 

7"«t#5o *fcm2W^SS«^^L/i<-Cb 
&V^8 0 //mWii^G a NSM^5f^t), ±Et 

[0017] «l^iC*3V^T, G a NiSOlf^ 8 0 

u m^m<Dm^nm 2 <Dgmmmzm&i-z - £ 

WW^Sr^SfciblC^^&a^, 8 0 nm&L±X& 

o TfcifflM * ct d -s«(--r S fc to lc:» 2 

MteSr^LTtav^o St8 0^mWGaNl 
«©»^(4, ^2Wmeg«^^$it^<T'f>7 ; W 

k, wtim&^&Ti-zim&hZo «ot, 

(4, G a NSte^M^ 80d m*i©I^tt$ 2 tDM 
«»«©S^S:f65«t L, G a N£K0>RJ*# 8 0 ^ m 

£UKDM<&te% 2 <bmnmm&m& < -c t i v \ 

[0 0 1 8] **Wti3V^T, GaNlStll MSS 
[0 0 19] 

[36^©^Jfe©^ig] aT^c|l|l~(2I4^fflv^T«PJ 
^^IdM-r^o Ell~0 4H:*«W©KiSXS&tJ { 

awiftXfofiiSt, iai~H3(^$ns«-x 

aU&ESr^TLTV^j;V^8 0 Mm(DHJi:^^1-SGa Nl 



[0020] *-f m i Ham- «t b ^ mwhtm&ka 
tnzrn i (omnmm. i ±i-g a n»r2 sri*****. 

©fjjcil [Lateral over growth (L 
OG) , 777/^1] i:io«^5©^|^ 
Hi 1(4, ^1©IW1± 
KG a N£ rj 45»IJo/<y77l (H^ftT^ft 
H £j#fi£-tfr, j3c^TGaN<kt)$5'<5':7 7JS.fc!J 

«<75^fbfe¥^#:^ 1 0 1 *<Dmm* 10 

0 l±lcIW»W^MLl:< 
v\ fljjitfs i o,j&»P>fca»gHBU 0 2eM^t 

Ga N07X7^3cg^lJfflL-C{S^ B B B^|5feOG a 

r m v > 5 r k <d x # 5 7 x 7 /Hfcg fi4# \z. mfe £ ti 
&ftfc<fcoT#e>;h,5*§i&fc»<0^ft^G a NSS2 \z 
[0 0 2 1 ] **MtfcV^T, ffl^t)tl5 7f7/^l: 20 

(D-mmmmt LxsxTfc&w&&m-tz> 0 mx.fi. 
ft*¥*flc«:«^iRiKd&fi$*5*ffi-efea. ^i©^ 

WffitR («) t^Lf;!^ «fiR$0>B5««r<l>;fc< 30 
-T 5 W , *£b b b ^1% ©'> ft I TiffiJf P, fi 

[0 0 2 2] t©«ll:i2 W777^f O^Sfc LT 
[0 0 2 3] ±fEm&t>*!&2©7X7/W&g©#&(C 

X J &gm*M&m^<M>p-rz>tiK «SWlcjl«tik««j 
gpl^Pto^i ^tej £ „ ^ftv^foSV^fifS i: L 
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[0 0 2 4] 777M|tJ; ?>#t>*LSG a NTtfeS 

©feS^lfttt, #v^tsr-i x 1 o 8 j@/cm 2 ^±fo>3, 

*frfcV««-Cttl X 1 0 7 flM/cm 2 ^T<tft3 0 G a NT 

«!H©i|gft^:R6©/>ftv^«Ht#su< r±5 x 1 o 6 i@ 

/cm'^T, £*b L-< [il X 1 0 5 fi/cm ! «T« 

L< fi 5 X 1 0 5 i®/cm 2 t'fo^r £#S4L 

j/LfcR, *©^y^>^iS^*ffl-r fixyftfy h© 
**»a-t-5^tl^J:!)a8^T»t5. *>Sv*ri»nBTE 

[0 0 2 5] *3BW©S^*^*fr* : f--Cf±, 7 

ro#v^±^fc.&5^4®rojg®S:/>/ c c< -f 5„ #(;: 

gpic u— F#fi««&Ktt a*& £ tv\ 

[0 0 2 6] ±!E7X7/M&fii-ioTffl^fbtl5{£ff 
111 0 2 ©#£!•£ LTti, #Jx.fi$Ht^ll (S i 

ox) , mit^^m (sixNv) , m{tzf-?> (Ti 

Ox) , (ZrOx) ^©$Hfc^, gffc 

m, ■&tz^inb<D&mm<Dm, 1 2 0 ot£t±©»^s: 

tttt, IftWi*OMi&l6 0 0°C~1 1 0 0°C© 

[0 0 2 7] JtGaNSfil^2©mi««:g^S 
t^I^G a NSj£©Hi)¥ii, 10~8 0^mm 
&£L-< (i2 0~'7 5 Aim, i *> £f£ L < fi 3 0 ~ 6 0 

/im-efe5„ g aNmfc<Dmmfr±tmmxhz>k5L<9 

fitt^S A» * ft LV\ G a NSIH^ 2 (DMg 

S^L*^1^©G a NS^roHf It S&1CDIMI 
Sffi-^aUK^S:^ Lfc^OG a N£«0)J8ff *s 8 0 
(imWlWSJ: 5t-13S^tL5 0 :©i^CDGaNl 
S^M^fi, 8 0-500/im, $f*L<filOO~3 
00/im, «t t)Sf* L< (il 0 0~2 0 0 ^mt'fcS. 
- O^fflT'fc 5 ^ Ga NSffi©«baW3fiS^as 

^$ft-ft5 0 

[0 0 2 8] -T'GaNlfti, $2 0j$ff&IK#& 

^•^^-cv^aa^a^igijt lt, g a NS^©siJ?a^ 
v^^ix^-r<ftsfsr6ias&!5, xs>*«3J?-rr5t» 

SRttaS+^-Cft<ft5»ixaSfc5o iot, GaNSS 



(6) 

9 

3 0 

[0 0 2 9] £1Zft%GaH&Wm\ZfSL&Zl£Zb&& 

j5>t?tiftv^s, »b<«tfrlPj©fifcSfc«*lRlOfiftfti-5 

m*L±R©J:5&»2©J|«M*8£itrf bhVs 
GaNg1££8 0Mm«±©Kffi1-SwfC*ISW© 
[0 0 3 0] **Wt*3V^-C, ^1©11S«^LT 

[0 0 3 1] ±E7X7/V^B:tCj;o-C#btbfc 

S:GaNSfiMt5i^, HI 2© (a) fcjjs-r J: 5 
£16 l ©naSSSrBSiM-f a Ng«(c:imi££- 
i&SLTfc, 12© (b) (^-f cfc5lcmi©^ISl£ 30 
£|&£ LTa»f> G a NMti^iJISrF^ LT «t 

[0 0 3 2] WTKH2I2© (a) Ol^lIO^TiSt 
3. El 2 f^i" i 9 fc, JBiojWSSitBatf 
(C, 7f7^ftiao-C^jS^fcGaNl*g2©^ 
1 Oltll 1 t K*HJUJ©® (Jg 1 ©±ffl) < h 

VN^r^^T't-So 40 
[0 0 3 3] SttBSr^rrsS^WiSaSrtW^ftS-e: 

Vx-vlsy (R I E) , K^tyt'-Axyfy 
^ (R I BE) , S^iH^n Fnyiyfy^ (EC 
R) , ^tyt-Ax. y fy^©»fot) v v^-ftb 
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^icaiiLfc^ws-i 7 8 0 z^'&mmvmit 

So 

[0 0 3 4] I y ^^^121 J: 9 , y y Strict nffil|#® 

S«±^dtL-Ct>J:v\ n*ffi£SB2©JWI2&K±tt: 
[0 0 3 5] frWgSr^ftl^ 9^ (GaNg» 

«poa«s:fflv^*L-cisi©iiaa&Ki irgu-c^ 

fcGaNSS2«ffi (^2©^®) £^ffi£^5 0 Jgl 

©HffiSS 1 SrB&fc-rSBKfc, Hll:*S*i5«W 
ilfrll 0 1, ftMl 0 2W^y77l 
TV^ftVN) ©£S$£, GaNg«2©-£|3t>l&*£tL 

RliW«ff*s«!l# : Lt<v^*g'tt % S#]S-Wli[-<fc 9* 

|&£:LT, Ga NS^2©^2©±ffi$rStii$-&Tt «t 

[0 0 3 6] fcfc, HI2© (b) l^1-«t5l-GaNS 

^flEfi&JBritt-SBlffc, ^ 1 G a Ni«^ 

GaN»Mit^Mt5„ ^©ft!!, 315/ 

^>^*ffiftirn, H12© (a) <Dm&kmm<Dft®x* 

hZ> 0 02© (b) ©*§-£\ ^l©±®«t^2© 

GaN36Ea»P>|(5lOi4aSiRt|»*LTV^5 
©T\ ^M^^LT^5GaN£«©®^mi©3E 
ffiirU Jgl©JIM«£l&*LI|fiJ$n§rHfi3££^r 

&*b3 LV\ *fc^2©±ffi^^«ig^ffM 

[0 0 3 7] rrT\ GaN^fll^f^T8 0^ 
m^±©GaNgffi^fflV^5^{lg|2© (b) 

1 ©*a*«^««]KS:i»* Lfca, ^ 1 ©mm 

ffM-TSc ^:U@2© (b) irW^ , 9^2©^ffiS 
tESrSS-g-***^. */cGaNS1S©^l©±ffii:^2 
©£ffi©j£«ttH 2 © (b) ©#-^t|W)^©rt^T'fc 
So Sfc^flfJtSr^raiB, GaNSSHSlc 
SaKffi«rl»*L-C30»fc*^*JiS:fi!cfiS*5i:. ^1 
©MSS^ ©«Hf-^*3F»^ «t SS 9 £ 4x0 £ 

[0038] jkti. ei 3 [ctih-j; 3 tc, %\ (Dmmmm ' 



(7) 

11 

ns« 2 com 2 <D±m^m&£#-tz>m 2 <D^mmm 

4asgte£ft5. »iL<IJGaNSS2©W(S!t 

I- G a NS4£ 2 com 2 cD^Sdf? 2 <DMS« 4 

M*lBl*s-&lxTV^<Tt«J:<, #>JxJiJg2cDMS 

fc, *2<oj|«S«4ro»Rl^lRi-e»@BS:*&«> J to*S 
G a NlIW^raCiSotG a NSS<Z)^M^firt? 

*i*itf.fcv\, TO^fpi^^fcjfi^^T'-ifeLT^tL 10 

LTl>5©T, G a NS«Sr^M-t-5|gt^ GaNlft 

[0 0 3 9] ^l;t5l^ G a NcD§m^[pJ<t LT 
12, #SSW#«#aHi Lfc#H¥ 9- 2 3 2 6 7 6^ 
^{C|B«cO®^&, fll*.!*, (1-100) X°Wi£M 
S (MB) asagtf kftS. t>4*K:, M&kltmm* 

[0 0 4 0] ±«E**W^ffl^P>ix5IB2©S«S«4 

li'S i C, Si, GaAs, GaP, InP, ZnS, 
ZnSe, ZnOfc^flS^tfPjftSo M2©ill 

S^4#^fifc^t$T'fc5^ l2©TO|gi>f,Oift 

[0 0 4 1] ^ 2 ^G a Nil 2 l-i^t 

»l©ll«aitRSrl»*LT«H±ILfcGaNSE2© 
Soffit SrftiBtttcL-C, ^tif 3 O^S[H±§r?M'9^^ 

£5 C fe^VMi, GaNS^2R0m2CT.^SS^CD^ 

Sn, Au-Sn, In, fc 3 V Mi ^LiT, 

[0 0 4 2] *3BW(C*5V^T, ^2OMSS«4C0ra 
fi, WtRRSStLftV^SG a NiiiOiSIt-feSri 
#3* IX, flTO:ii2 0~5 0 0 0^m, £?£L< 
IJ50~2 0 0 0 ^m v i<9£?£L<fi 100-100 
0 M mT"feS o SS2 0|HlSfi4<DB[ffas±|E(5BB-C* 

mM*jtm-tzm&) , GaNSi (?^\> ©»iw 
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m&<Dm&n, mmm^m^tm^Mm-^k. %2 

[0 0 4 3] fcfc, m2cD^SS^4^GaNS^2i^ 

m+ambuz. t^oQWit* ®2<Dmmmm4it 

mm LWC#otG a NIK 2 ftUqif^fllifidS^M $ 

[0 0 4 4] «S«i-^V>T(l, G a NSffiSr^ffi-f 

©IlSi4^GaNSi2|uMLfcrfcia^ G 
aN&K©§*|ltt&S&*f£fca o JEl-»f^fi, GaN 
Sffi 2 0 , * ,7 y *&T*fcttft ^Of&^^x. htl 

£3, SfcMl^ »Smi, ^2©MSffi4{^ffll4 
755&5f-fc, GaNlfiMGaNlfil©Mi|3 

wuv^ s^ft^iftftJi & a» t » rj-r 5 r t # 

^£tlTWj^8 0 /xm£Lh©G a NiMffl^^l 
-a-T-b, GaNS«©RffiJSff^fc**ll«l3aUt^lRl± 

[0 0 4 5] ffP^m, f-y/liTtyyyiS^U 
2 © 4 i5Sj«»e3M±^*) 5 <t SScJRttjJS «fc 9 & 

[0 0 4 6] filfl!:, ±E*3BW©2<fc«j^#ft:*^o 

S^4±i^GaNg1g2lr^L, ^rCDGaNS^2±(C 
a NSS 2 ©Jfl 2 ©|^Sii4 C8Lt^5ffi (GaN 

S^2(D^2cd±E) «, ian^$4xsmi©s«s 
si («jL«-!»-7twts«) , twifriioi 

^ill0 2^LfcSiffc5„ *^cE!4ii, |3- 

[0047] ^aEwsfl^sttarf-tt, %2<Dmm 

I«4i$, GaNSte2ro^gg^ffili:^2©SSS«4 
©SIH!*lRli:as|Hr«l^-S[-r5 «t GaNSSi; 



(8) 

13 

¥m&mtLx\z, mmfetsti-r. m^t^^-r 
mmm%i z fix v > % v ^mit® ^mwm^-x h z „ 

10 0 4 8] 

t^p^^^^p^^B^-rs^, *%mi*ztuzm%. io 

[»#Jl] 1 l:fc^-Cli, GaNSi^f,t7 

V7 7 4Tmm£t°zm£;-t?>M&^^xft^tc 0 sx 
[0 0 4 9] 2j^3-<t>. cm*±ffitt?>y-y7-(T 

<fc »9ft5fgl©^«gl£l ^MOVPEE^mic-ir 
■7hU ^£5 0 0°C|CLT, ^-ryr^^tc^, 
Sft^lCTMG ( H II ^ f-JVj] V fyM, (Ga(C 
H 3 ) 3 : TMG) RXfT>^-T (NHj ) £fflV\ Ga 20 

it, 7SJ^£l 0 5 0°ClCLT, I?|D<GaNj;i9^5/< 
7 7 7l<t D J¥Il»Mtl^^ii 101^5nm»g 

1 0 1 ii, A 1 fIsf B J;bX{ii:^ 0 . 5«T©A 1 x G a i-x 
N (O^X^O. 5) 

0. 5^M^5ir, ^B B a^P(&iV^ £9 tlS.fag^^ 

®M^3:z>im\zhz> 0 ztcmtm^mfcm 1 o ion 30 

J¥fi^s/ 77® J: 9 tJ¥vMIlJ¥ lo^m 

TI4GavAl,-» N (0<Y£1) <7)£I$<D *><D£f&;S: 

[0 0 5 0] (GaNlfi2»M) ^HHII 1 0 2ffM 

>?j-/N^SMOVPEOSMrt|uty F 
L, M£l 0 5 0°C^LT, T^-T, TMG^ffl 
^7yK-7°GaNi!)/j:5GaNlS2^3 0/im© 

[0051] wT(-m i <n>mm*m&m-mm. 3 <7m 40 
[0052] mtm^mi^mioi^f^Mm, 

Xf7^7"t©7th^^MU CVD 
2 u m(D S i O2 J; 19 &<5{£^H1 1 0 2 £ 1 m<D 
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I^GaNg*£2 (iF|E(^-rGaNS^2) «S 

[0 0 5 3] (G a ftgjg 102M 

U IBIS: 1 0 5 0°C(' Lt, 7>*--7\ TMG^ffl 
l^yK-7G aNi^i^Ga Ng}g2 £3 0 /z m© 

[0054] &.r\m 1 3 
i^mi-mmmtLxmsic^-rmm^tLx, ±ib© 

j&S £-frfcG a Nli 2 -k^Tffi©&l£OT £-&5 0 

m 5 temitm^mfc^— fm=f-<nm&tf)mmmxhz> 0 

[0 0 5 5] (nfllj/<s/7rl 1 1 =*nffl=i>^^ h 
g) ±fBGaNS«2 ([H5^(i^7T-f 7S«1, ^ 
ftW#M 1 0 l&mfcflJUl 0 2^i^HI^LTV^ 
&V\> ^SJ^^rtl--fey hU Mg£l 0 5 Otit' 

MG (MJ^f/^y!)A) , W$)#*<h L"C^7^ 

GaNSft2ll;Si^lX10 1! /cra 1 
K-7°L/cG aNj;!)/£5n||/v777i 1 1 £ 4 ju m 
©W-C^S^-fr-So :®^y77ll 1 it, m5(D£ 

n w< yyrmi i temi&xrfzm z^z^yyrmxh 

"9, ^Xli't77'f7, ^fc 0 -tvKDJ: pt^M^j^jgft: 

^ft-sim^ 45ii©±t, 9 o ox:&T<nm& 

iC&^T, GaN, A1N^^> 0. 5 ii rnWT^HJ* 
[0 0 5 6] (^7 5/^^lhSl 9) 1 

li^M, M^8 0 o°C(-t-c, W^i;tmg, 

S i £5 X 1 O' 8 /cm \?—7°L1t I n., Ga.., Ni 
VteZ? 7 y?P5±mi 9 5r5 0 0^^^'^ hn-AW 
mmXf&MtSitZ> 0 r©^77^Ml9IJIn^ 
tf n ffl©a^KB*ilW*:, L < tt I n G a N T'^ft * 

BiilJlOOty^hn-AHi, 0. 5/im«T 

[0 0 5 7] (n^7?K|12 ^ 
T, 1 0 5 OtfTMA ( h U ^^/UT^5 = «?A) „ 
TMG, 7^-7, v7>7y^?rfflVN, Si Sri xi 
0 19 /cm 3 K-7"LfcnlA lu Ga,, N±*)ft5JB 

T'>7>^'^., TMASrlh*, 7^K-7*©GaNJ:*) 

So ^tTm'i^+m"2Ji+mig+m2i+ • • • t 
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Si:ilU WO. 8 M m©Mf i t9ft<5nff|* 
7^ KH 1 2^i5lcfi^*5o 
[0 0 5 8] (nftijTt^ Kl 1 3) gc^T, 
*£lt#>, 1 0 5 0°CT*T^ K-^G a Ni^i^ni 
ft^f KJf 1 3 £ 0 . 1 /*mCDilJ?Tj&ft£-fr5„ r<D 
n«7y^ KJffi. mtLXimL, 
GaN, I nGaN£«£it6- £/4>M£L<, a& 
10 0ty^fo-A~5^ mi £ ^d&i; L< ii2 

o oiry>f* Fd-a~ i M mWBI/?:T'^ft^-y:5r t io 

K|©A 1 », Gaaa Ni 9 t/h^<1-§o 
[0 0 5 9] (gltlH) W^tTMG, 
TMI, 7^-7^^TMl4^1^5 D 
ffittll 4ttfl«Sr8 0 Otl^JtLT, T^K-yi 
n„ 2 Gao., N£9&5#FJi£2 S^V^* hn-i* 

(D^T-fpl-raST", T^K-y I n o.o5 Gao.,5 N £ <9 20 

ft-5PfOT£5 o^^'* ^-^©illT'MH 

7 5*>?X hn-A©#Iff^ii (M 
QW) W&ttjf £$S£-ti;3 0 ft&m\t*nMM<n£ ? 
izry k-:/t- <b £ v * u * n M^FM^M/xii p 

[0 0 6 0] (pfiBl^^y^Jll 5) 1 0 

5 0tl£±rj\ TMG> TMA, TV^-T, CpzM 30 
g {is?X2-><i/fi?=.=./U-r J*) pffl 

KJf 1 6 «t V) K=¥> y^*^-*^ 

V\ Mg^l X 1 0 20 /era 3 K-^LfcpiAl« Ga 
o. 7 Ni9ft5pfl|*ty7 p il7*3 0 0ty^h 

m^^tcXo^ 0. UmBlTolSg^UII 

[0 0 6 1 ] (p{ttt#-r KJll 8) tV^Cp 2 M 
g, TMA^ihfe, 1 0 5 0°CT% ;<yK^tf7i^ 40 
jv^-^pM^^y^mi 5 ±9 T^K-^ 
Ga N±t>*SpW3fc^ KJfl 8£0. l(imffil)| 

fflL, n§bfc#-f KJf 1 3 tWlC< G a N, InGaN 

SS^fctt/O' K=¥> y/^^-ii^ttJl 
W#F)fJ;'9^#< N pfl|^7yKiOAU. Ga,, 
Ni "9 t>/h£<1"5 0 50 
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[0 0 6 2] (pM?7y KJB 1 7) ^V^T, 1050 
°CT*M g^lXlo" /cm 3 K-7"LfcpiA 1 0.2 G a 
0.8 N«fc0fc38 3©Jl£4 hP-A©BW[ 
|t^tTMA©*4lhft, 7* > K— 7°G a 

fLt:©iMfMMIi:ioo@I 

uisu mmmo. s nm<oim=?-m m?y 

y m 1 7 ZMtftfrZ. 

[0 0 6 3] (p«=»i'** Ml 8) ft&fc, 105 
Ott% P f0 7-7K|17©±t, Mg£2X10 2 ° 
/cm 3 K-7"LfcpSG aNJ:!l45p«3^^ hi 
1 8 5r 1 5 OtV^ h P-AOlft*^I$*5„ p 
flljn ^ n|18lip I» I nx A 1 y G a ,-x-v N 

(o^x, o^Y, x+y^i) x~Mf$.-rz>zttfX'$, & 
S L< fJMg £ K-T'LfcG a Nir^tUi, P 8ft2l 

1 y G a i-y N££tfjB«HF4*ii<0 p ftiJ^ 7 y K! 1 7 \z 

^pi^y^^MiLT, ^<DHIJ?£5 0 0^->^' 
^ hv-J*SXTtm< LT^-Sfcfelc, HTOl^pfi|n 

[0 0 6 4] «±©J:5^LT2fk*^*«:^ft$* 
tt-7^-yyMv\ P s»^K-7 , Lfci^ 

[0 0 6 5] T=-— ]) y^f%.^ v-^-^&Rfcm&frb 

jsomu m 5 ic^-ri ? RiEiiniotii 

©P«ny^^ Mist, p!07 7 KJf 1 7 tSra. 
Vtk-TZ 0 r<Di5l-, SftSi?) fciai^fcSI^^ 

jWftT-r*. «Pt^««HF-JBJ; 5 45p«^ 5 y Kg l 7 
[0 0 6 6] ^{C y y ^ffilC-r^ ^ SrJ^fiJc L, R I E 

m$-fr-5 0 iffi^*fcl©n#|^-777ll Kin SIS 

2 3«t5fc»©3y^^ bmt LXhttm-fZo 
^*3|2l5T*f4nftiJ^y7 7l 1 1 & = bS^r LT 
^St5\ GaNSl2JT*xyfy^m\ SWLfc 
GaNSl£2£3y^ hg Z t fc T*# 5 0 

[0 0 6 7] W:pfl|ny^^Ml8©!) 
l:Ni^AuJ;^^pHi2l$r^ h7-r/^t^ffM 

5 pffl;ll2 1 COU^^ LTIi, ^xfiN i , Pt, P 
cU Ni/Au, Pt/Au, Pd/Au^W5l 

[0 0 6 8] — ^, TitAl i545n Sffi 2 3 ^3fe 
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£ifBffl£tffcnfl!k?5>77'El l©$ffi!^ h7^7° 

2 fc#$LVVi— S y^^#e>*L5n«i2 3 
LTiiA 1 , Ti, W, Cu, Zn, Sn % I n^(D& 

[0 0 6 9] m5[C^-fJ;9(-P»i2 1 n 

mis 2 3 k<DwmmLtcmk®*^fcm<Dmm\z.s i 

LtplS2 1 tl^MLfcp^y K«S2 2, 
Rt/n^y KfWi 2 4Mt-5 0 :Cp/<? h'tl2 10 

2 WtHRWfc plft2i otll^lft, p SSfltlfr 

i-Sf^ffl^&So n/<yKtS2 4lintg2 3 

[0 0 7 0] gioi^at, niibil^i 
««BB$«rffiSte:J:!>0fe*U GaNlfi2©tI (G 

aN»l2WiI) £§t£B£it3 0 8WLfeGaN 
lM2©±ffi^ Hf 5 0 0 /im»GaAs (||2 
wmmSIS) ©GaNlSir^fSffi^WlC 20 

(j'l^ft*©^) [^>9GaNgl£<75|j|2cD±®i 

U t©ffii;Au/Sn^*'yf^v^ffii:LrWi7 

[0 0 7 1 ] Au/Snfl|^^7^yU, 
H!fl5{ci*lg«Srf^»-rs. ftlgSffit^s iO^TiO. 

7&7x-77^ (GaAsItii:t-h->y^H5 

Mfc*5vvt\ Mffitt%Kl£2. OkA/ 
cm\ HM/E4. 0VT\ 3&«j£ft4 0 5 nm<Z)ig|g 
ISM^Bim^tL, 1 0 0 0NFM^±w^*^Lfc o 

[0072] letc £;t^©fca!wajtsas6i±u t*/< 

K©GaNSSo^S4Si|ixisai1l?JT'#, Mf-S^ft] 40 

[0 0 7 3] [Htt«2] HJfcflll^&^T, GaNl 
ffi»-!f-7r>rrStt[S:l»*LfcBiitGaAs»K (12 

<Dmmmm zmz. GaNSsoTOi 

G a A s £4g<7)§| P^Tjft i *J{itf-gc1-5 i 9 [C £^ 
a A s g»G a NSISOf?^ LT^5 
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[0074] mmm 3 ] m 6 

5 tmt< \s-^%<D&mjjfa\z.mw£js\p[X'm=}-$:® 

[0 0 7 5] (GaNl«2©M) Hffifll 1 l-*3V* 
X, G a Ngfe2£/&g£-t!:-5l^f^ 7^* = 7\ TM 
G, S i H, ^ffi^S i ^5 X 1 o" / cm' K-7"Lfc 
GaNJ:!9fc5IHff3 Q iimXf&&^Z>m-imm^ 

xg aNmm2ZMtsvtc 0 &m&. t^&wmm 

L, GaNitR2©fIS:Bttl^'(S2C±I) , G 
a N£}£ 2 Km 1 <7>±ffi i: ^ 2 W^ffiSrJgfiJt-fS. 
[0076] GaN©il ©£®±(^ MMM UH« 
l:Un^y7.7ll 1 (nffiij^^ hB£*fc 

945n fflfj KI12, > K— 7°n ftijfttfV 

KB l 3*Kgl^ft$-&5„ 

[0 0 7 7] (nffilJ^r-Vy7 P l2 0) i^TTMG, T 
MA, T>*-7\ ->7>^'^5rfflV\ ni*^ KB 

1 3 J; 9 K^> ^x^«^^\ S i £ 
5 X 1 0' e /cm K-7"LfcnlA Ui Ga,, N J; 9 
ftSnffllJ^-f y:/B2 0£3 OOtV^ hP-A<£)J^ 

[0078] iitiii 1 1 mm^ Lxm&m 1 4 , P 

fflU*-V y-fM 1 5!, 7> K-7°p«#V KB 1 6 , p 

ffiij* 7 y KB 1 7 , pffi]^ nil8 

5 0 

[0079] I^iili/^IW^IMI, H 

0 6l^i-J: ^t-SiB^pfflil^v^^ hBi 8 P 
KB 1 4 M m<D* 

[0080] y^yjfm pl3y^^Mi8oy 
yi/|iIl:N i/Au <t!9/j:5p«ai2 l*^ 

Tttfcj&fcu pii2i^©M»iWi* 
bi-s i o 2 «t y)t£^mmm2 ssr^u ^©«igi 

2 5£^LT P miS2 1 fc«ftWKSSttLfcp^y Km 

[00 8 l] ^±<7>J;5l-LT, pmSSr^fiKLfc^a: 
^©^flKtStfTLT^fc^G a Ng« 2 ©^ 2 wii 
HJfe^J 1 <b mffifcmW- 6 0 0^mOSi^lX10 
Vcm'cniWGaAsIS^^XAiSfa. G 
a NlfiOf 2 0±IC1^ Ifc n IG a A s COG a N 
gffi^gLTW,£^®<DI2l£:£:ffil;iAu/G e 
77ISMML, *C±tAu/Sn±945jRyf 

[0 0 8 2] mW^G a NgfiWMl (g^^^# 
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L, S i O, <b T i Oz «t 19 ftSTOft^Ii 

[0083] b'V y^stf#fi 9 

1 fc^#fcjyrC*>ofc 0 IfEGaNSI^Ga 

AsSKicS^Sr, !>x/>gtia!)ffofcis, :o 10 

V*s*&mzMkX.X, Au/Sn^LTGaNlit 
nSGaAsIS^^ /H?^ LT 4: 
*ofc„ 

[0 0 8 4] l-MM&H] %mW3 iZtS^X, nlGa 
Nl^roiM^tlT^^^G a Ng4£<D3l 2 <7>3E 
illnSGaAsli ffi2 0lflfi) Sr^i"5BS 
GaNlfiWflMiGa AsSlgO^M^I^i 

$Lftt£&%.tmbin. ItGaAsli^GaNli© 20 

5Sll*iRi*SBff-g[Lrv^so-e*iBtt^iiife^j 3 «t 9 

[0 0 8 5] [1»5] Ili3tfc^T, nlGa 

*LX(iIjp8 0 jumCOG a Ng&fcJ&dcU f77^7 
S«Srl»*U-rjiaLfcB5i:l±SStron®G a NS«o 

S dlO±S) fc*^fl|ifi*^b, nlGaNll 
(D-V-7 7 -f Tl^^iS LT^ffi LfcS^ A u /G e «t 
9ft5t-5<^tS^|L, ^OllCAu/Sn^ 
tf'VxV^ffli-tttt, GaAslfeGaNSfiCi 30 
£ L^^ffitiTOfc LTittW f-U^fcKafi 
L7c 0 

[0086] ^©^m, utt^i 3 1 mmm^&%-te%i 

[0 0 8 7] 

[*W<Z>8l*] GaNSSCGaAsf©! 

2 0H(ISftS:g^Lfcri:ia*), V^nmtXDffi 

it, «tt»u t ^»t*ifoM©K±aJT?t, rn^iu 40 
fdnsrKjfc-r 5 r. t , s/ ^{fcx- 



#H¥ 11-214798 
20 

[0088] J!i-«ejlte, -y-7 7-rr^©ffii^tt© 

GaNS:lf<S*StT8 0Mm6l±«)GaNSM 

GaN©^MISit5:i^i/j: 

60 

111] 0i(i, #3SW©£fctt¥*ft*^©»i£iS 

im2] m2\t, *%w<Dmm¥mfom*<Dm&xu 
<D~mi&mm&7fiLtc&immmx>hz> 0 

[HI 3] i3tt, *»W©Sfls*^i»ft:*^o»JgIS 

[04] B4«, #*w©sfc»^f^*©»56is 
[05] i5ii x&mtD&ibfo^mftm+n-nma 

[0 6] 0 6(4, ^W©£fc*¥#fc**©-£liS© 

1 • • • m 1 <z> 

2 • • • G a N£« 

1 0 1 • • • g^W^ftJl 

1 0 2 • • • mm 

3 . . . Mfk^^^^m^fflfit 

4 ■ • ■ % 2 

1 1 • • • nflH^y7rJl 
1 2 • • • nW^fy KJi 
1 3 • • ■ nfllJt^ KJI 

1 4 • • • fgttJf : 

1 5 • • • pim^yym 

1 6 • • • p«|*Xf>f KJi 

1 7 • • • pMfyy KJi 
18- • • pflj=»y** M 

2 0 • • • nffiiJdr-V^T'Ji 
2 1- • • p Sffi 

2 2- • • p y< y YWfe 

2 3 • • • n mm 

2 4 • • • n^y KW& 
2 5 • • • 
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